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WR XQGHUVWDQG WHDFKLQJ LQQRYDWLRQ DQG FUHDWLYLW\ 7KHUH DUH PDQ\ IDFWRUV OHDGLQJ WR IDLOXUH RI WHDFKLQJ




:LWK WKH ZLGH XVH RI FRPSXWHU QHWZRUNV FRPSXWHU QHWZRUNLQJ FRXUVHV DUH LQFUHDVLQJO\ SRSXODU LQ
XQLYHUVLWLHV GXH WR WKH KLJK GHPDQG IRU FRPSXWHU QHWZRUNLQJ VNLOOV LQ FRPPHUFH DQG LQGXVWU\ >@0DQ\
UHVHDUFKHUVKDYHIRFXVHGRQKHOSLQJVWXGHQWVWROHDUQQHWZRUNSURWRFROVZLWKGLIIHUHQWPHWKRGVRUWRROV>








:H KDYH EHHQ WHDFKLQJ FRPSXWHU QHWZRUN FRXUVH IRU ERWK FRPSXWHU PDMRU VWXGHQWV DQG QRQFRPSXWHU




GHVLJQ PLQL SURMHFWV IRU VWXGHQWV WR GHYHORS WKHLU FUHDWLYLWLHV 3DFNHW 7UDFHU KHOSV VWXGHQWV WR XQGHUVWDQG
FRQFHSWVRIFRPSXWHUQHWZRUNDQGLPSOHPHQWWKHLQQRYDWLYHVROXWLRQVIRUWKHGHVLJQHGSURMHFWV$FFRUGLQJWR
WKH IHHGEDFN RI VWXGHQWV LW VKRZV WKDW WKH WRRO KHOSV VWXGHQWV WR XQGHUVWDQG QHWZRUN SURWRFROV DQG WKH
DSSOLFDWLRQVEHWWHUWKDQWUDGLWLRQDOWRROVGR
,Q WKLV SDSHU ZH ZLOO LQWURGXFH WKH YLVXDO HGXFDWLRQDO WRRO QDPHG 3DFNHW 7UDFHU ZKLFK LV XVHG LQ RXU
FODVVHV:LWKWKLVWRROVWXGHQWVFDQFRQILJXUHGLIIHUHQWQHWZRUNGHYLFHVDQGYLHZWKHFRQWHQWRIGDWDSDFNHWV




7KH2SHQ6\VWHPV ,QWHUFRQQHFWLRQ 26,PRGHO DQG QHWZRUN VLPXODWLRQ DUH WZR SDUWV RI WKH LPSRUWDQW
DUHDV IRU QHWZRUN FRXUVHV >@ 7KH 26, PRGHO SURYLGHV DQ DEVWUDFW IXQFWLRQ GHFRPSRVLWLRQ RI D QHWZRUN
SURWRFRO DQG LV FRPPRQO\ XVHG WR GHSLFW QHWZRUN IXQFWLRQDOLW\ RI HDFK OD\HU 7KHUH DUH PDQ\ WRROV IRU





VWXGHQWV WR XQGHUVWDQG GLIIHUHQW QHWZRUN SURWRFROV+RZHYHU RQH RI WKH SUREOHPV DERXW(WKHUHDO LV WKDW LW
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GRHVQ¶W SURYLGH GDWD FRQWHQW RI HDFK 26, OD\HU ,W LV QRW HDV\ IRU VWXGHQWV WR EXLOG WKH YLVXDO FRQQHFWLRQ
EHWZHHQ26,PRGHODQGQHWZRUNSURWRFROVRIHDFKOD\HU
7KHSUDFWLFDO RSHUDWLRQDO VNLOOV RI FRPSXWHU QHWZRUNGHYLFHV LQFOXGH KXE VZLWFK DQG URXWHUZKLFK KHOS
VWXGHQWV WR XQGHUVWDQG WKH IXQFWLRQVRI HDFK26, OD\HU GHYLFHV6WXGHQWV FDQ FKHFN WKHRXWSXWV RI QHWZRUN
GHYLFHVZLWK QHWZRUN GLDJQRVWLF WRROV2QH RI WKH SUREOHPV DERXW QHWZRUN GHYLFHV LV WKDW VWXGHQWV FDQQRW
DFFHVVWKHUHDOQHWZRUNGHYLFHVDQ\ZKHUHDQGDQ\WLPHZKHQWKH\ZDQW7KHUHDOQHWZRUNGHYLFHVDUHSURQHWR
EHGDPDJHGEHFDXVHRIKRWSOXJJLQJ LQRUSOXJJLQJRXWZKLFKDOVR OLPLWV WKHGHYLFHVDFFHVVLQJ7KHRWKHU
SUREOHPLVWKDWVWXGHQWVFDQQRWYLHZWKHGDWDSDFNDJHFRPLQJIURPWKHUHDOQHWZRUNGHYLFHV






7KH RWKHU SUREOHP LV DERXW FRPSXWHU QHWZRUN H[HUFLVHV :H RIWHQ ILQG WKDW WKH H[SHULPHQW H[HUFLVHV
KDQGHG E\ VWXGHQWV ZHUH DOPRVW WKH VDPH )RU H[DPSOH WKH LQWHUQHW SURWRFRO DGGUHVV DQG WKH QDPH RI D
FRPSXWHUZHUHLGHQWLFDOLQPDQ\H[HUFLVHVRIVWXGHQWV7ZRPDLQUHDVRQVOHGWRWKLVVLWXDWLRQ2QHLVWKDWZH
SURYLGHGH[HUFLVHJXLGHV LQGHWDLODQGVRPHVWXGHQWV MXVWGLG LW VWHSE\VWHSDFFRUGLQJ WR WKHJXLGHV ,WZDV
GLIILFXOW WR GHYHORS WKH FUHDWLYLW\ RI VWXGHQWV$QRWKHU IDFW LV WKDW VRPH VWXGHQWV FRSLHG ZKDW RWKHUV GLG
LQVWHDGRIGRLQJE\WKHPVHOYHV
3DFNHW7UDFHU7RRO
&LVFR3DFNHW7UDFHU LV D SRZHUIXO QHWZRUN VLPXODWLRQ SURJUDPZKLFK DOORZV VWXGHQWV WR GR H[SHULPHQW
ZLWK QHWZRUN EHKDYLRXU >@ ,W LV IUHH IRU &LVFR QHWZRUN $FDGHP\ 3DFNHW 7UDFHU SURYLGHV QHWZRUN
VLPXODWLRQYLVXDOL]DWLRQDQGFROODERUDWLRQFDSDELOLWLHV:LWKWKLVWRROVWXGHQWVFDQDFFHVVGLIIHUHQWQHWZRUN
GHYLFHVVLPXODWHWKHRSHUDWLRQRIQHWZRUNV6WXGHQWVFDQDOVRYLHZWKHFRQWHQWRIGDWDIURPHDFKOD\HUDQG




:LWK3DFNHW7UDFHU VWXGHQWV FDQFUHDWHDQHWZRUNZLWKDQDOPRVWXQOLPLWHGQXPEHURI GHYLFHV VXFKDV
URXWHU VZLWFK KXE DQGZLUHOHVV GHYLFHV 7KHUH IHDWXUHV HQFRXUDJH VWXGHQWV WR SUDFWLFH DQG LPSURYH WKHLU
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SUREOHPVROYLQJVNLOOV
7KH*8, RI 3DFNHW 7UDFHU LV VKRZQ LQ )LJ  &HQWUDO DUHD LV ZRUNVKRS DUHD1HWZRUNV FDQ EH EXLOW LQ











,W LV QHFHVVDU\ WRGHVLJQ H[HUFLVHV WRPRWLYH VWXGHQWV¶ LQWHUHVWLQJ DQGGHYHORS WKHLU FUHDWLYLW\3UREOHP
EDVHG OHDUQLQJ LV DQ LGHDO SHGDJRJLFDO WRRO IRU WHDFKLQJ FRPSXWHU QHWZRUNGHVLJQ >@0LQL SURMHFW EDVHG
OHDUQLQJLVDNH\SHGDJRJLFDOPHWKRGIRUWKHWHDFKLQJRIDGYDQFHGFRPSXWHUQHWZRUNV>@%HFDXVHZHWDXJKW
FRPSXWHU QHWZRUN FRXUVHV IRU XQGHUJUDGXDWH VWXGHQWV LQ WKH VHFRQG \HDU ZH DGRSWHG ERWK SHGDJRJLFDO
PHWKRGVWRGHVLJQVLPSOHPLQLSURMHFWVDVH[HUFLVHV7KHGHVLJQHGPLQLSURMHFWVDUHUHODWHGZLWKUHDOZRUOG
SUREOHPVZKLFKVWXGHQWVDUHIDPLOLDUZLWK6WXGHQWVZLOOSDUWLFLSDWHLQWKHSURFHVVRIWKHH[HUFLVHGHVLJQLQ
ZKLFK VWXGHQWVZULWHGRZQ WKHSUREOHPV UHODWHGFRPSXWHU QHWZRUN WKH\PHHWDQG WHDFKHUVGHVLJQ WKHPLQL
SURMHFWVDFFRUGLQJWRWKHSUREOHPV
7KHUHLVQRUHIHUHQFHVROXWLRQIRUDQ\PLQLSURMHFWVRWKDWVWXGHQWVFDQJLYHDQ\SRVVLEOHVROXWLRQZLWKRXW
WKLQNLQJ DERXW WKH ULJKW RQH DV ORQJ DV WKH VROXWLRQ FDQ VDWLVI\ WKH UHTXLUHPHQW RI WKH PLQL SURMHFW )RU
H[DPSOHLQRUGHUWRKHOSVWXGHQWVWRXQGHUVWDQGDSSOLFDWLRQOD\HUVHUYLFHVZHGHVLJQDGRPDLQQDPHVHUYLFH
'16PLQLSURMHFW%HFDXVHPRVWRIVWXGHQWVNQRZZHOODERXWZHEVLWHVKRSSLQJZHDVVXPHVRPHVWXGHQWV







:H KDYH WDXJKW FRPSXWHU QHWZRUNLQJ IRU QRQFRPSXWHUPDMRU XQGHUJUDGXDWH IRU WZR \HDUV VLQFH 
7KLVFRXUVHKDGKRXUVIRUOHFWXULQJDQGKRXUVIRUWXWRULDO:HXVHG3DFNHW7UDFHUDVDQHWZRUNWRROLQ




QHZRQHVRUDOUHDG\NQRZQE\VWXGHQWV)RUFRPSXWHUPDMRUVWXGHQWV WKH26,PRGHO LVXVXDOO\ LQWURGXFHG
ILUVWEHFDXVHWKH\KDYHPRUHFRQFHSWLRQVDERXWFRPSXWHUDQGQHWZRUNV%XWIRUQRQFRPSXWHUPDMRUVWXGHQWV
QHWZRUN DSSOLFDWLRQV DUH LQWURGXFHG ILUVW ZKLFK WKH\ DUH IDPLOLDU ZLWK EHFDXVH WKHVH VWXGHQWV KDYH OLWWOH
NQRZOHGJHDERXWFRPSXWHUVFLHQFH
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8VXDOO\ D:RUOG:LGH:HE DSSOLFDWLRQ LV LQWURGXFHG IRU QRQFRPSXWHU PDMRU VWXGHQWV EHFDXVH DOPRVW
HYHU\VWXGHQWLVIDPLOLDUZLWKWKLVDSSOLFDWLRQEXWIHZRIWKHPNQRZKRZWREXLOGWKLVNLQGRIDSSOLFDWLRQ,Q
WKH ILUVW WZR ZHHNV WKH SUH UHTXLUHG NQRZOHGJH LQFOXGLQJ ,QWHUQHW$GGUHVV DQG IXQFWLRQV RI VZLWFKHUV LV
























3DFNHW 7UDFHU LV SRSXODU DPRQJ VWXGHQWV 7KHUH DUH PDQ\ UHDVRQV 2QH LV WKDW QHWZRUN HTXLSPHQW
FRQILJXUDWLRQLVWKHVDPHERWKRQYLUWXDOHTXLSPHQWDQGUHDORQH7KHRWKHUUHDVRQLVWKDWWKHUHLVQROLPLWIRU





KHOS WKHP WRGHYHORS WKHLU FUHDWLYLW\$OO WKHVHPLQL SURMHFWVZHUH UHODWHGZLWK UHDO SUREOHPV WKDW VWXGHQWV
HQFRXQWHUHG )RU H[DPSOH RQH PLQL SURMHFW GHVLJQHG ZDV WR UHDOL]H YLUWXDO ORFDO DUHD QHWZRUN 7KH PLQL
SURMHFWLVVWDWHGDVIROORZ7KHUHDUHILYHJURXSVRIVWXGHQWVIURPGLIIHUHQWFODVVHVDQGHDFKJURXSKDVWKUHH
VWXGHQWV +RZ FDQ \RX DFKLHYH WKH JRDO WKDW WKH VDPH FODVV FDQ DFFHVV HDFK RWKHU ZKLOH VWXGHQWV IURP
GLIIHUHQWJURXSVFDQ¶WLIDVZLWFKZLWKSRUWVLVSURYLGHG"3OHDVHLPSOHPHQWWKHVFHQDULRZLWK3DFNHW7UDFHU
0LQLSURMHFWV MXVW VWDWH WKHSUREOHPVQHHGHG WREHVROYHG DQG WKH UHTXLUHPHQW FOHDUO\ LQGHWDLOEXWZLWKRXW
JXLGHIRUKRZWRGRLW,QWKLVZD\LWPRWLYDWHVVWXGHQWVWRWU\GLIIHUHQWVROXWLRQVZLWKWKHLUFUHDWLYLW\
$WWKHHQGRIHDFKFRPSXWHUQHWZRUNFRXUVHZHJDWKHUHGIHHGEDFNVIURPERWKVWXGHQWVDQGWHDPWHDFKHUV
)HHGEDFNV IURPVWXGHQWV VKRZHG WKDW WKH\ZHUH LQWHUHVWHG LQGRLQJPLQLSURMHFWVZLWK3DFNHW7UDFHU:LWK
3DFNHW 7UDFHU VWXGHQWV FRXOG XQGHUVWDQG KRZ D FRPSXWHU QHWZRUN RSHUDWHV HDVLO\ ZLWK YLVXDO SDFNHW
WUDQVPLVVLRQDPRQJDQHWZRUN,WZDVDOVRFRQYHQLHQWIRUVWXGHQWVWRYHULI\ZKDWWKH\KDGZRUNHGDQGKDGQ¶W




:LWK 3DFNHW 7UDFHU VWXGHQWV FDQ EXLOG FRQILJXUH DQG WURXEOHVKRRW QHWZRUN ZLWK YLUWXDO QHWZRUN
HTXLSPHQW7KHYLVLRQRIGDWDSDFNHWVKHOSVVWXGHQWVWRXQGHUVWDQGWKHWKHRU\RI26,PRGHODQGWKHSULQFLSOHV
RI GLIIHUHQW QHWZRUN SURWRFROV ,W VROYHV WKH SUREOHPV FRPLQJ ZLWK UHDO QHWZRUN GHYLFHV LQFOXGLQJ WKH
OLPLWDWLRQRIDFFHVVLELOLW\DQGHDV\GDPDJH3DFNHW7UDFHUFDQKHOSVWXGHQWVWREXLOGWKHFRQQHFWLRQEHWZHHQ
QHWZRUN WKHRU\ DQG SUDFWLFDO RSHUDWLRQV DQG LPSURYH VWXGHQWV¶ SUDFWLFDO VNLOOV0LQL SURMHFWV ZKLFK ZHUH
GHVLJQHGDVODERUDWRU\H[HUFLVHVPRWLYDWHVWXGHQWVWRSURYLGHLQQRYDWLYHVROXWLRQVZLWKWKHLUFUHDWLYLW\
$FNQRZOHGJHPHQWV
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